Size at reproductive maturity of the xanthid crab Leptodius exaratus (H. Milne Edwards, 1834) was determined by comparing gonadal development and the relative growth of gonopods and chelae in males and abdomens and chelae in females from August 2012 to August 2013. The size at which 50% of the of males and females were found to be mature was at carapace lengths (CL) of 16mm and 13mm, respectively. The smallest ovigerous female was 9.6mm CL. The ovigerous females were found throughout the year with a peak in August2013.The numbers of eggs varied between 600 and 9,000 in individuals 9.6 mm and 20 mm CL, respectively. The monthly changes of gonadal indices in males and females indicated that mating was at its peak in spring and summer. The ovaries began to develop in March 2013. The results suggest that some females may spawn more than one batch of eggs per year. Fecundity as measured by the number of eggs was lower than in other xanthid crabs, perhaps as a result of the high temperatures in the Persian Gulf.
INTRODUCTION
Leptodius exaratus (H. Milne-Edwards, 1834 ) is one of the most common xanthid crabs on the intertidal rocky shores along the coasts of the Persian Gulf (Naderloo & Türkay, 2012) . Crabs remains under small or medium-size boulders and live in burrows throughout the day during both low and high tides (Kneib & Weeks, 1990) . Although L. exaratus has a wide distribution throughout tropical and subtropical coasts in the Indo-West Pacific region (Dai & Yang, 1991) , its reproductive biology and ecology are relatively little known (Watanabe et al., 1990) .
Sexual maturity is dependent on the size of individuals (Watanabe et al., 1990) , and relative growth of the chelae and first gonopods (the intermittent organ in males) with respect to body size. In females, relative growth of abdominal width with respect to body size was examined to find the size at which sexual maturity is attained or the puberty molt occurs. Size at onset of sexual maturity and fecundity should, therefore, be considered as important aspects of the reproductive biology of brachyuran crabs. Such information can be obtained through direct observation of the appearance of the gonads and associated reproductive organs (Hartnoll, 2015) .
The fecundity and breeding season of a species is an important aspect in the study of its population dynamics. A transition in growth patterns of the reproductive structures often occurs at the puberty molt, so called because it divides the pre-and postpuberty phases of the life of crustaceans, which is commonly associated with physiological and functional changes related to sexual maturity (Moriyasu et al., 2002) .
Because temperature and salinity in the Persian Gulf are relatively high, we hypothesized that these factors could a ect the size of L. exaratus at the onset of sexual maturity. Therefore, we studied the size at sexual maturity of this crab as determined by relative growth and condition of the gonad, breeding season, and fecundity.
MATERIALS AND METHODS

Sampling
Crabs were collected manually from August 2012 to August 2013 during the low tide from the rocky shores of Hormuz Island (Fig. 1) , which is located at the entrance to the Strait of Hormuz, Persian Gulf, Iran (27°6´25″ to 27°2´7″ N, 56°30´8″ to 56°25´1″E) . The region is arid to semi-arid, with a mean annual rainfall of 229 mm (http://www.irimet.net). Crabs were sexed, measured, and weighted in the laboratory. Sex was determined by examining the abdominal morphology. The number of ovigerous females in the samples was also noted for determining breeding season.
Measurements
The carapace length (CL) of the crabs ranged from 8.25 to 22.00 mm in males (N = 304) and 6.43 to 20.1 mm in females (N = 275). The specimens were fixed in 5% seawater formalin solution, followed by measuring chelae, abdomen, male first gonopod, and carapace for morphometric analyses. Carapace length and width were measured using a digital caliper to the nearest 0.01 mm. Length of chelar propodus (CPL) was taken from the tip of propodus (fixed finger) to the base where it articulates with the carpus. Length of the male first gonopods (GL) was taken from the tip to the base of the gonopod and abdominal width of females (AW) from the maximum width of the fifth segment (Rasheed & Mustaquim, 2010) . The body and gonad weights were measured with a digital balance to the nearest 0.01 g.
Gonadal maturity
The carapaces of specimens were removed to examine gonads macroscopically, which allowed recognition of di erentiation between immature and mature gonads. Males having anterior and middle vas di erentia enlarged and white in color were regarded as mature (Rasheed & Mustaquim, 2010) . Females with large, orange, and granular ovaries occupying the gastric, posterior, and intestinal cavities were considered as mature (de Lestang et al., 2003) . The spent females were easily recognized by their semitransparent ovaries. Maturity stages fell into four classes following Kumar et al. (2003) and de Lestang et al. (2003) . Ovarian development was classified by size and color of the ovary as follows: Stage 1, immature, ovary very thin and transparent (colorless); Stage 2, maturing, ovary changes to creamy color, but not extending into hepatic region; Stage 3, maturing, ovary enlarged and yellow, extending to cover 1/3-1/4 of the hepatic region; Stage 4, mature, ovary orange or reddish orange and occupies most of the hepatic region. The ovary and vas deferens were removed and weighed. The gonadosomatic index (GSI) was calculated based on Quinn & Kojis (1987) as: GSI gonad weight total weight 100 = × / %
Fecundity
Fecundity, defined as the number of eggs (Hartnoll, 2015) produced by a female, has been adopted by many carcinologists (e.g., Negreiros-Fransozo et al., 1992; Pinheiro & Fransozo, 1995) . Fecundity is estimated using mathematical models fitted to scatter plots relating number of eggs (EN) to size (usually carapace width, CW, or carapace length, CL). In general, fecundity is positively correlated with size or weight of the ovigerous female (Ogawa & Rocha, 1976 , Pinherio & Terceiro, 2000 and can be markedly a ected by particular environmental factors. Only ovigerous females having bright yellow or bright orange eggs, indicating that the eggs were deposited recently, were used in the analysis. Egg-bearing pleopods were carefully removed and the weight of the whole egg mass (egg + pleopod) was taken to the nearest 0.0001g on a top loading electronic balance before the eggs were fixed in 4% formalin. Three samples were taken from each egg mass, a general method followed by other workers (i.e., Kumar et al., 2003; Rasheed & Mustaquim, 2010) . The number of eggs in these samples was counted in a counting tray under a stereomicroscope and the average number of eggs present in the three samples was then calculated. The total weight of the egg mass was obtained by removing the eggs from the pleopods; the weight of the pleopod was taken and then subtracted from the weight of the whole egg mass. Fecundity was then calculated by the following formula (Kumar et al., 2003 , Oliveira et al., 2005 :
Where N = total number of eggs, or fecundity; W = total weight of the egg mass; n = average number of eggs in the samples; w = average weight of the three egg samples.
Statistical analysis
The statistical analysis was carried out using SPSS (Statistical Package for the Social Science, Version 17) and Excel was used for the graphs. The data related to di erent variables were plotted in a scatter plot, in both linear regression and log-transformed state. Student's t-test was used to test the statistical significance of the observed values (Zar, 1995) . In both cases the value of b allocates the type of allometric growth. A value greater than 1 shows a positive allometry (meaning that the organ in question is growing faster than the body), whereas a value less than 1 indicates a negative allometry with the organ growing slower than the body.
When the b value equals 1 then it is assumed as isometry and the organ and the body are growing at the same rate (Hartnoll, 1982) .
RESULTS
Sexual maturity of males
The size at which male Leptodius exaratus reached sexual maturity was determined by examining the condition of the testes of male individuals. The size at which 50% of the males were morphologically mature ( Fig. 2A) was 16 mm (CL). The onset of sexual maturity in the males showed no related noticeable changes in CW and abdominal width (AW) relative to CL, but was associated with the relative changes in the size of the propodus and gonopods. The regression equations for the mature and immature phases (separated visually) are given in Table 1 . The estimated regression for the propodus (RPL and LPL) and gonopods indicated two statistically di erent lines between the maturation phases (P < 0.05). In the relationship between carapace length (CL) and left and right propodus lengths (RPL and LPL, respectively) of mature and immature males (Figs. 3, 4) , the value of regression coe cient b was found to be 1.057 for immature males and 1.036 for mature males. These values were significantly di erent from 1 (t = 13.71 for immature males and 5.77 for mature males; P < 0.05), showing that the length of the right propodus was allometric in immature and mature, with a slightly positive value. Coe cient b for LPL and CL was found to be 1.34 for immature males and 1.04 for mature males. These values were significantly di erent from 1 (t = 21.13 for immature male and 5.87 for mature males; P < 0.05). The length of the left propodus, allometric in both immature and mature males, was slightly positive. Males showed positive allometric growth during both phases.
The regression equations show positive gonopodal growth in both mature and immature phases ( Table 1 ). The value of regression coe cient b (Fig. 5) was significantly di erent from 1 for immature (t = 32.43; P < 0.05) and mature individuals (t = 48.12; P < 0.05).
Sexual maturity of females
Sexual maturity in females was accompanied by a change in abdominal width (AW) and the relative changes in size of the propodus length (PL) in relation to carapace length (CL). The size at which 50% of the females were morphologically mature (Fig. 2B ) was 13 mm (CL). The regression equations are given in Table 1. In the relationship between CL and right and left propodus length of mature females (Fig. 6) , the value of regression coe cient b was found to be 1.36 for RPL and CL and 1.09 for LPL and CL. These values were significantly di erent from 1 (t = 20.75 for the right chela and 21.33 for left; P < 0.05), showing that the growth was positive (Figs. 6, 7) . The regressions were computed separately for both mature and immature phases (Table1). The value b was significantly di erent from 1 for immature (t = 3.85; P < 0.05) and mature individuals (t = 51.13; P < 0.05). The regression equations show that the growth of AW in immature females was negative but positive in the mature ones (Fig. 8) .
Fecundity
The gonadal indices (GI) of males varied between 0 and 0.2 (Fig. 9C) . Males with high GI were found in all seasons except during the winter months (December 2012 to February 2013). Females showed higher GI during August 2012 to November 2012 to (0-0.9: Fig. 9A ). Ovigerous females showed increased GI values in May 2013 and August 2013 (0-0.8; Fig. 9B ).
The size of the 100 ovigerous females that were used for counting the number of eggs varied from 9.48 mm to 21.86 mm CW. The number of eggs ranged from 600 to 9000, the number being generally greater in the larger individuals (Fig.10 ). The scatter plot shows a trend by power function on egg numbers and shows that the two variables, viz. carapace width and fecundity, are strongly correlated ( R 2 = 0.800).
DISCUSSION
The chelae of males and the abdomen in females are considered secondary sexual characters in brachyuran crabs because of their functions in reproduction (Hartnoll, 1978) . The secondary sexual development of the chelipeds helps male crabs in territorial defense, conflict, mating, and courtship as well as carrying and holding the female during copulation (Hartnoll, 2006 (Hartnoll, , 2009 . The setose pleopods in the abdomen of adult females form an incubation chamber for the developing eggs. The increase in relative growth of the male chelae and female abdomen at the puberty molt brings these structures to full functional size at sexual maturity (Rasheed & Mustaquim, 2010) . The relative growth of chelae in males and abdomen in females has thus been used to determine size at which puberty molt occurs or functional maturity is attained. Change in the length of the male first gonopod is considered as the best external indicator of puberty molt. We observed that the functional and physiological maturities in L. exaratus occurred almost at the same size, which agree with the results in the same species by Watanabe et al. (1990) , and in Platyxanthus patagonicus (A. Milne-Edwards, 1879) by Carsen et al. (1996) . Our results show that males and females attain full functional as well as physiological maturity at 13 mm CL and 16 mm CL, respectively. The size at which the xanthid crabs reach sexual maturity can vary with location, depending on seasonal and annual variations in temperature and salinity (Fisher, 1999) . The size of the smallest ovigerous female in this study was 9.6 mm and the largest female was 20 mm CL. Watanabe et al. (1990) found that the smallest size Table 1 . Relationships between morphometric parameters and carapace length in Leptodius exaratus by means of the allometric technique; * t test, p < 0.05; a, coe cient of determination; b, regression coe cient (slope of the line); c, Student's t-test when comparing the b value with 1; d, allometry level: (+) positive and (-) negative allometry. of an ovigerous L. exaratus in Japan was 11.8 mm CW (range of 11.8-26.2mm CW). Their results show that females attain their maturity earlier than the males, whereas we found that males and females attained sexual maturity more or less at the same size. The proportion of the right and left propodus to the carapace length were positive in both mature and immature L. exaratus, which corresponds to values observed in other xanthoid crabs, such as Eriphia gonagra (Krauss, 1843) (Góes & Fransozo, 1997) , Eurytium limosum (Say, 1818) (Guimarães& Negreiros- , and M. nodifrons (Stimpson, 1859) (Bertini et al., 2007) . This positive allometric growth is indicative that these structures have an important role in agonistic behaviors.
Y-Variable
The regression analysis of carapace length to gonopod length for L. exaratus showed positive allometric growth during the juvenile and adult phases. Our result for the juvenile phase (puberty molt occurring between 8 and 10 mm CL in males) is similar to values given by Góes & Fransozo (1997) for Eriphia gonagra and Bertini et al. (2007) for Menippe nodifrons. This suggests that the noticeable positive allometry in the immature phase of L. exaratus could be an advantage in that males could reach sexual maturity at a smaller size than in the females, allowing males to successfully compete with other males in efforts to copulate with the mature females (Bertini et al., 2007) .
The regression analysis of carapace length to abdominal width in female L. exaratus showed negative allometric growth during the juvenile phase and positive for the adult phase. This allometric growth is often used to identify the puberty molting in female crabs (Hartnoll, 1965; Pinheiro & Fransozo, 1995; Fransozo et al., 2002) . The ontogenic changes in the abdomen of female L. exaratus are associated with the capacity of carrying their egg mass, following the common pattern of most brachyuran species.
Breeding seasons in brachyuran crabs are classified on the basis of the presence or absence of ovigerous females in the periods at which samples from the population are taken throughout the year. Individuals of L. exaratus in the studied areas were found ovigerous all year round (with peak in August 2013), indicating a continuous breeding, which agrees with data from Japan on the same species (Watanabe et al., 1990) . Brachyurans inhabiting tropical waters usually breed throughout the year, which also applies to another xanthoid crab, Eriphia smithii (MacLeay, 1838) (Tomikawa & Watanabe, 1992) , the majid Tiarinia cornigera (Latreille, 1825) in Japan (Tsuchida & Watanabe, 1991) , and the portunid Thalamita pelsarti (Montgomery, 1931) (Norman et al., 1996) , all in Japan.
Body size is the principal determining factor of fecundity in brachyuran crabs (Hines, 1989) , and in L. exaratus as in most other xanthid crabs thus far investigated (Watanabe et al., 1990; Carsen et al., 1996; Litulo, 2005) , fecundity was highly correlated with body size. The number of eggs attached to the pleopods of L. exaratus was found to vary from 600 to 9000. The fecundity of L. exaratus as estimated in this study was relatively lower when compared with that of other xanthids of similar body-size range (9.6 to 20 mm CL): 610 to 10,110 (body size 11.80-26.20 mm CW) in L. exaratus (Watanabe et al., 1990) ; 3,800-20,300 (body size 15.00-29.50 mm CW) in Paraxanthias taylori (Stimpson, 1861) in California (Knudsen, 1960) ; 15,000-30,000(body size 5.80-25.00 mm CW) in Neopanop sayi (Smith, 1869) in Virginia, USA (Swartz, 1978) ; 5,300-73,500 (body size 25.00-53.00 mm CW) in Eriphia smithii in Japan (Tomikawa & Watanabe, 1992) ; and 3,000-113,000 (body size 23.00-43.00 mm CW) in Panopeus herbstii (H. Milne Edwards, 1834) in South Carolina, USA (McDonald, 1982) .
Fecundity can also vary with environmental conditions, including temperature, which is particularly important (Fisher, 1999) . Because temperature has an important e ect on the other physiochemical parameters of water, the changes of these parameters are dependent on temperature amplitude (de Lestang et al., 2003) . The relatively lower fecundity of L. exaratus observed in this study could probably be attributed to the relatively higher temperatures in the Persian Gulf, with a typical surface temperatures of approximately 33°C on average in summer and even reaching > 35°C in the shallow basins (Reynolds, 1993) . Somatic growth rate increases with temperature, and therefore energy needed to produce eggs is lower than in low temperatures (Diaz, 1980) . Furthermore, reduction in energy for egg production may result from the inability of females to mobilize su cient food reserves to keep pace with the increased number of broods produced under high compared with lower temperatures (Wear, 1974) . Although the water temperature is considerably higher in the summer, most evaporation occurs in the winter due mainly to higher wind speeds, which might suppress egg production or increase loss during incubation, as environmental factors, high temperature and salinity as high as 48‰ (Coles, 2003) , can a ect the biology and life cycle of the species (Fisher, 1999; Goés et al., 2005) .
